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© Method of deposing a tungsten fUm. 



® method of depositing a tungsten film on a 
gate oxide by moans of laser CVD, using WFs and 
H2 as tw material gages, the hk/WFs flow ratfo lies 
within the range 10-100, end the volumetric ftow 
rate of the WFe, which te defined as the rate of the 
flow rate of WFb to the total pressure, Res within the 
range 0.04 • 0.01 eccrrVFa, so that tha supply of 
WFs determines the deposition rate of the w film, 
whereby a tor/ stress w film, te obtained; Accord- 
ingly, peeling of the w film at tha Interface with ihe 
9f0 2 film end cracks can be avoided. 
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METHOD OF DEPOSITING A TUNGSTEN FILM 



BACKGROUND OP THE INVENTION 

This invention concerns a method of depositing 
a mm of tungsten which Is used as too gate metal 
In semiconductor device*. 

In the prior art. films of tungsten (W). a gate 
metal in semiconductor devices, were generally 
formed on a film ol substrate gate oxide of Sio a by 
means of sputtering. 

This method however suffered from the follow- 
ing disadvantages: 

(1) Step coverage over 5iQi step is poor, 
(il) Damage to gate oxide due to sputtering 
occurs easily, 

(10) Triers is a risk that Impurities in th9 
target material contaminate me W fftnm and 

(fv) Problems of properttss such as high 
resistance occur easily. 

CVD (Chemical Vapor Deposition) of (he W film 
was therefore propoaad as one way of eliminating 
these problems. 

In the deposition of these w films by CVD, 
tungsten hexafiuoride (WF«) and hydrogen {He) are 
-used as reaction oases. By the usual thermal CVD 
method, however, w fflma are not deposited on a 
silicon oxide film. 

It was therefore proposed to deposit the Wfllm 
by laser CVD Instead of the*mal CVD, aa disclosed 
In the literature (A. Shimani, J* AppL Physics. Vol. 
31, No. B, March 1887, p r 2365 - 5368). (The laser 
CVD will be described In detail later). 

By rneans of Jto9r rnothod, It Is possi- 
ble fa depbsff a^Tflm 6h~1fie surtecs of a sfflobn 
oxide film. The extesion between the film and the 
W film fe however poor, and under certafri con- 
ditions, the W film may peel off at the interfoeo 
with the silicon oxide film or cracks may occur In 
the W fibn aa It Is being formed. 

In the method of the above reference, tt (s 
proposed that a silicon substrate covered by a 
silicon oxide film be heated to 350 °C or more, and 
the Hs/WFe flow ratio be no less than 2, In order to 

• -form a-«t^e--W-rnm-w^he-slllGfln oxlde^-.,..- 

It has been however found that IF the W film 
was deposited up by the ebovo laser CVD method 
under the above conditions, the W film tended to 
peel off at the Interface with the 31 Os film as film 
thickness Increased when tensile stress rn the w 
film was large, and It was therefore difficult to 
de posit a stable film on the silicon oxide on the 
substrate, 
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This Invention was conceived to overcome the 
above problems. It aims to provida a means of 
depositing a stable W film with low tenaire stress 
on a silicon oxida film using the laser CVD method, 
5 This invention provides deposition of a film of 
tungsten (W) which Is used as a gate metal in 
semiconductor devices, by means of laser CVD on 
silicon oxide on a substrate using WFe and Ha as 
raw material gasss, wherein the ratio of flow rate of 

to the H 2 to the flow rate of the WF 5 (H2/WFE flow 
ratio lies wflhfn the range 10 - 100, and the voiu* 
metric flow rate of the WF 0 , which Is defined as the 
ratio of the flow rate of WFb to the total pressure, 
lies within the range 0.04 - 0.01 sccm/Pa so mat 

15 the supply of WFc determtnes mo rate of reaction 
for trie deposition of the W film, whereby a low 
stress w Rfm is obtained. 

In this invention, as described In the embodi- 
ments, a W tfim Is deposited on a substrate by 

ao laser CVD, wherein the Ha/WFe now ratio Hes with* 
in the range 10 - 100. and the volumetric ftow rate 
of WF* fes within tho range 0.04 -0.01 sccm/Pa. 
By this means the stress In the W film falls sharply, 
and peeling of the W film at the Interface wfth the 

w SlOa film and cracks can be avoided. 



BRIEF DESCRIPTION OF DRAWINGS 

Fig. l Is a cross-section of a semiconductor 
device for the purpose of describing this Invention. 

Rg« 2 Is a schematic diagram of a laser CVD 
apparatus! " ' " 

Bg. 3 shows the dependence of deposition 
rate of W film on H a film on Mb partial pressure. 

Fig* 4 shows the dependence of residual 
stress In W film on Ha partial pressure. 

Rg. 5 shows tha dependence of deposition 
rate of W film and residual stress on volumetric 
flow rate of WFe. 

Fig. 6 shows the relation between residual 
stress in the W film and the Hj/WF* flow ratio. 



DETAILED DESCRIPTION OF THE EMBODI- 
ES MENTS 

An embodirnent of this invention will now be 
described with referanea to the cfiagrsms be tow. 

Fig. 1 Is a cross-section of a semiconductor 
so device. Firstly, a efflcon oxide film 2 for atement 
Isolation is formed on the substrate 1 by the usual 
method, and a sfflcon oxide film 3 of approx. 200 
Angstrom thickness is formed by thermal oxidation 
to act as a gate oxida film. A W film 4 Is than 
deposited to a desired thickness on the silicon 
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oxide fflm 2 by laser CVD. Fig. 2 Is a schematic 
diagram of the laser CVD apparatus. 

In this apparatus, a substrata 21 on whteh has 
been formed a gats oxide film as described above, 
Is placed on a heater 22 In a reaction chamber 20, 
and chamber 30 Is then evacuated to appro*. 10~3 
Pa by an evacuating device- not shown In the 
figure The substrate 21 is then nested to a tem- 
perature of appro*. 40* C by the heater ZZ T and 
tungsten hexafluorlde (WFe) and hydrogen <H 2 ) are 
Introduced through gaa Inlets 53 Eo dested partial 
pressures PWF B and PH*. In this example, the 
partial pressures are 4 Pa and 100 Pa, respec- 
tively. At this time, It Is preferable that approx. 400 
eccm (standard cubic centimeters per minute) of 
argon (Ar) gas Is blown toward the Inner surface of 
the laser beam window 24 to prevent deposition of 
a W film on the laser beam window 24. 

A laser osciflatdr 25 Installed outside the reac- 
tion chamber 20 Is then activated, and laser beam 
20 passes Into the chamber via window 24 t and 
passes the approx. 10mm above the surface of the 
substrate, The wavelength cf the laser must be 
selected such as to be able to excite the reaction 
gases, and in this case, e wavelength of 193 nm 
emitted by an ArF exclmer laser was used Further, 
the energy of the laser beam was ISO mJ/pulse, 
and Its pulse rate was 50 PPB, The laser beam StB 
exdtes the above reaction gases, and a w.fflm of 
appro*. 3G0Q Angstrom thickness Is deposited on 
the substrate. In this case, the wfcfth of the laser 
beam was approx. 20 mm. but as this fe small 
compared with the size of the substrate 21 having 
the gate oxide film and being treated (usually of 
the order of 16 cm), the substrate may be moved 
or rotated so as to deposit a W film of uniform 
thickness. 

In the process at depositing W films on such 
substrates, It was found thai, If the supply of WF$ 
was adjusted by varying the volumetric flow rate 
$WF* of WFc, which Is eteffned as the ratio of flow 
rate of WFs to the total pressure. Into the reaction 
chamber so that It determine the deposition rate 
of the W film, then the stress In the W film could 
be controlled. 



Dependence of Deposition Rate of W stress on the 
Ha Partial Pressure *™ — ~ 

First explanation WHI be made on how the rate 
of reaction which deposits the W film is determined 
by the vokimetrfc flow rate of WFc -when the volu- 
metric flow rate of Is reduced. Rg. 3 shows the 
results obtained under tha above conditions when 
SWFc is 0DS and Q.01 sccm/Pa. From Fig. 3, it Is 
seen that regardless of the partial pressure of hy- 
drogen, the depositfon rate of the W film Is lower at 



a SWFc of 0.01 sccm/Pa than at 0.O8 sccm/Pa, In 
' other words, the rate erf supply of WF C Is rate- 
■ determining In the deposition of the W film, when 
SWFe Is 0.01 sccm/Pe- 
s In general, In laser CVD, the deposition rata of 

the W Rim Is determined by values of substrate 
temperature, partial pressure of WFf and of H2, 
end laser power. This howevar applies only to the 
case where the reaction gases are sufficient, and if 
, ™ the quantity of these gases is Insufficient the de- 
position rate of the W Rim will be lower, than fn the 
case where the quantity of these gases Is suffi- 
cient When SWFe Is 0.08 sccm/Pa, the deposition 
rate of the W film Is determined by the former 
ts case: end when ft Is 0-01 scorn/Pa, as there is 
sufficfertt Ha, the deposition rate of the W mm Is 
determined by the supply of WF 6 . 

as- Dopandenca of Rssidua) Stress in W Rim on H 2 
Partial Pressure 

Pig, 4 shows the residual stress In a W film 
depoaited under Identical conditions to those of 
as Fig, 3. From the figure, ft Is seen that if the film is 
formed at an SWF* votumetrtc flow rate of 0,08 
sccnvPa. La. if the supply of H a and WF* is 
sufficient, the residual stress In the Flkrt Is Indepen-* 
dent of the partial pressure of Ha, and has a high 
w constant value of about 5 x 10 s dynes/cm 2 , As a 
result peeling of W fflm at the interface 'with the 
substrate and cracks occurred easily. On the other 
hand, whan the volumetric flow rate SWF € was 
0.01 sccm/Pa, the stress dropped sharply In com- 
as parison to the case -of o,0a sccm/Pa, and this 
difference was more marked the higher the parM 
pressure of H 2 . 



40 Determination of Vdumetrjc Flow rate SWFb 

Explanation wfli next be made on the range of 
volumetric flow rates SWFs wRhln which the depo- 
sition of the W film and the stress In it cotdd be 
45 controlled. 

Rg. 5 shows the dependence of deposition rate 
of W flfm and residual stress on volumetric flow 
rate of WF B . From this figure Is seen that except In 
Region n vrhsre SWF* has a high value, the 
oo residual stress En the film drops sharply and a film 
with a low stress Is obtained In Region I where the 
upper flmlt of SWF B fs 0.04 sccm/Pa. 

On ths other hand, it fs seen thai when SWF; 
la below 0.01 socro/Pa, deposition rate of the W 
as Him Is very much reduced. 



Relation between Residual Stress In W Rim and 
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Ha/WFc Plow Ratio 

Fig. 6 «hows the- relation between residual 
stress in the W film and H4/WF4 (low ratio (K). 
From the Ftgure, It Js seen that H the volumetric flow 
rate of WFc is flxed at far example* 0.01 sccm/Pa, 
the tensile stress In the W film decreases the more 
K rises above 10, and when K reaches 100 and 
ever, a compressive stress then appears, it Is thus 
evident that if the volumetric ftow rate of WFe Is 
fixed at a low value, such as 0.01 seem/Pa, the 
stress In the W mm enn bo controlled by varying 
the Hj/WFg ftow raBo. 

Whan a W fifrn Is deposited on a substrate by 
the laser CVD method using WFe and H z as raw 
material gases, therefore. It is pessfole to obtain a 
tow stress film by arranging the volumetric; How 
rate of WF G to be 0.04 - 0D1 sccm/Pa so that the 
deposition rata of w film la determined by the 
supply of WFe. and varying the rWWF« How ratio 
within the rang* 10 - 100. it fs thus possible to 
deposit a stable W film on an SK^ firm which doss 
not past off at the VvVSiOz interface on the sub- 
strate or crack. 

When a W fihn, which constitutes a gate elec- 
trode. Is deposited on a SlOa film by laser CVD 
according to the method of this Invention, the con- 
cfftlonc are arranged such that the volumetric flow 
rate of WF e Is a at such that the supply of WF 6 
determines the deposition rate of the W film, and 
the H&WF$ flow ratio is set within a suitable range, 
a W film with tow stress can be obtained, and a 
stable W film can be obtained which does not pest 
off at tho W/S1O2 intartece or crack as It did In the 
prior art 
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applying a laser beam to the apace Immediately 
above the semiconductor substrate, 
wherein the ratio of the flow rate of Said Hs to the 
flow rate of said WF fi gas lies within the range 10 - 
100. and 

the volumetric flow rate of WF S . which is defined 
as the ratio of the flow rate of WFc to the total 
pressure, lies wHhin the range 0.04 - 0.01 sccm/Pa 
so that the supply of WF© determines the deposi- 
tion rata of the W film. 

3. A method according to claim 2, wherein the 
ssmicondudtor substrate has a silicon dioxide film, 
and said fflm of tungsten Is farmed on the silicon 
dc*We film. 

4. A method according to claim 2, wherein the 
WFi and H* gases are Introduced to partial pres- 
sures of 4 Pa and 100 Pa, respectively. 

fi. A method according to claim 2, wherein the 
tungsten fflm Is formed to a thickness of about 
3000 Angstrom. 

6. A method according to claim 2, wherein the 
volumetric flow rate of WF B Is within the range 0,01 
-04)4. 

7. A method according to cfalm Z> wherein the 
substrate Is heated to about 400 °C while the laser 
CVD la performed. 

B. A method according to claim 2, wherein the 
wavelength of the laser 1$ selected to excite the 
reaction gases. 

9. A method according to claim 6\ wherein the 
substrate Is moved or rotated whh respect to the 
laser beam. 



Claims 



1. A method of depositing a film of tungsten 
<W) used as a gale metal In semiconductor de- 
vices, by means of laser chemical vapor deposition 
(CVD) on a substrate using WIS and H2 aa raw 
material gases, wherein 

the ratio of the now rate of said H a to the flew rate 
of said WFb gas llee wfthtn the range 10 - 100, and 
"fne volunTeTrfcllow ^^"WrVTwn1c^l9~c^fln^ " 
as the ratio of the flow rate of WF^ to the total 
pressure. Bos wlthfn the range; 0.04 - 0J?1 sccm/Pa 
so that the supply of WFs determines the rate of 
reaction for formation of the W film. 

2. A method, of depositing a mm of tungsten on 
a semiconductor device by means of laser chemi- 
cal vapor deposition, comprising the steps of: 
placing the semiconductor substrate in a reaction 
chamber. 

evacuating the reaction chambsr. 

introducing into the reaction chamber WFs end Hs 
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FIG. 3 
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FIG. 4 
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FIG. 5 
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FIG. 6 
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